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DUAL THICKNESS GATE OXIDE 
FABRICATION METHOD USING PLASMA 

SURFACE TREATMENT 

FIELD OF THE INVENTION 

This invention relates to integrated circuits, and more 
particularly, to Complementary Metal Oxide Semiconductor 
(CMOS) and Metal Oxide Semiconductor Field Effect Tran 
sistors (MOSFETs) having different gate oxide thicknesses 
on a semiconductor body (substrate, Wafer), and to methods 
of forming these different thicknesses. 

BACKGROUND OF THE INVENTION 

The fabrication of silicon semiconductor Wafers has 
become more complex as designers and process engineers 
move toWard smaller and faster circuit devices. Advanced 
designs typically use 0.18 pm design rules and semiconduc 
tor chips contain more circuit components, such as capaci 
tors and resistors, in addition to transistors. The Integrated 
Gate Field Effect Transistors (IGFETS) not only require 
thinner, defect-free gate oxides, but also gate oxides having 
different thicknesses. Many processes have been developed 
to obtain these thin gate oxides but, often, the transistors 
With relatively thin oxides are fabricated in a manner that 
introduces defects. Many of these defects cannot be removed 
by annealing and thereby contribute to reliability problems, 
such as gate leakage or gate oxide breakdoWn. 

The goal that is being sought is to have gate oxides groWn 
by thermal oxidation on major surfaces of the semiconductor 
body With different thicknesses to provide circuit designers 
With variable transistor characteristics or performance of one 
set of transistors With respect to another set of transistors. 

One method of fabricating gate oxides that is in use today 
relies on a photoresist mask to de?ne that part of a major 
surface of the semiconductor body on Which a gate oxide is 
to be groWn. This resist mask method can result in degraded 
gate oxides When the photoresist is stripped from the ‘pro 
tected’ gate oxide surface. The unprotected gate oxide is 
totally removed during the etching so that it is not a concern. 
It has been shoWn that When the photoresist is stripped and 
the gate oxide surface is ‘cleaned’, residues still remain. 
These residues get incorporated into the gate oxide during 
the gate oxide regroWth needed to form multiple gate oxide 
thicknesses. 

Other methods of forming gate oxides found in prior art 
use ion implantation to effect the silicon surfaces so that 
subsequent oxide etching of the implanted portion of the 
gate oxide Will be etched more rapidly than on the untreated 
portion of the gate oxide. HoWever, it is critically important 
that the implantation energy is controlled so that implanta 
tion damage is not a factor during gate oxide regroWth. 
Some have tried to use loW energy implantations to reduce 
the deleterious effects caused by the high energy implants, 
but the ?ne tuning of the implantation energy creates a 
narroW processing WindoW. This narroW WindoW can limit 
the effect of the implantation on the etch rate of the 
implanted portion of the gate oxide and thereby, not com 
pletely prevent oxide defects. 

It is desirable to be able to create different oxide thick 
nesses of transistors on a common semiconductor chip While 
reducing the problems associated With methods used in the 
prior art. 

SUMMARY OF THE INVENTION 

In a ?rst illustrative embodiment the invention is a 
method for forming tWo oxide layers having different thick 
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2 
nesses on a surface of a semiconductor body comprising the 
steps of: forming a ?rst oxide layer on the surface of the 
semiconductor body; subjecting a ?rst portion of the ?rst 
oxide layer to a plasma While protecting a second portion of 
the ?rst oxide layer from the plasma; subjecting the ?rst 
oxide layer to an etchant Which removes all of the ?rst 
portion of the ?rst oxide layer Which Was exposed to the 
plasma While leaving at least a part of the second portion of 
the ?rst oxide layer Which Was protected from the plasma; 
and oxidiZing the semiconductor body to form a second 
oxide layer on the exposed portion of the semiconductor 
surface and to increase the thickness of the remaining 
second portion of the ?rst oxide layer such that the second 
oxide layer is thinner than the thickened ?rst oxide layer. 

In a second illustrative embodiment the invention is a 
method for forming tWo oxide layers having different thick 
nesses on a surface of a semiconductor body comprising the 
steps of: oxidiZing the surface of the semiconductor body to 
form a ?rst oxide layer thereon; subjecting a ?rst portion of 
the ?rst oxide layer to a plasma While protecting a second 
portion of the ?rst oxide layer from the plasma; subjecting 
the ?rst oxide layer to an etchant Which removes all of the 
?rst portion of the ?rst oxide layer Which Was exposed to the 
plasma While leaving at least a part of the second portion of 
the ?rst oxide layer Which Was protected from the plasma; 
and oxidiZing the semiconductor body to form a second 
oxide layer on the exposed portion of the semiconductor 
surface and to increase the thickness of the remaining 
second portion of the ?rst oxide layer such that the second 
oxide layer is thinner than the thickened ?rst oxide layer. 

In a third illustrative embodiment the invention is a 
method for forming tWo oxide layers having different thick 
nesses on a surface of a semiconductor body comprising the 
steps of: oxidiZing the surface of the semiconductor body to 
form a ?rst oxide layer thereon; providing a protective layer 
over a portion of the ?rst oxide layer so as to protect same 
from the effects of plasma; subjecting the partially ?rst oxide 
layer to a plasma; removing the protective layer; subjecting 
the ?rst oxide layer to an etchant Which removes all portion 
thereof Which Was not covered by the protective layer to 
expose a portion of the surface of the semiconductor body 
While leaving at least a portion of the ?rst oxide layer Which 
Was protected from the plasma by the protective layer; and 
oxidiZing the semiconductor body to form a second oxide 
layer on the exposed portion of the semiconductor surface 
and to increase the thickness of the portion of the ?rst oxide 
layer Which Was protected by the protective layer such that 
the second oxide layer is thinner than the thickened ?rst 
oxide layer. 

In a fourth illustrative embodiment the invention is a 
method for forming tWo oxide layers having different thick 
nesses on a surface of a semiconductor body comprising the 
steps of: thermally oxidiZing the surface of the semiconduc 
tor body to form a ?rst oxide layer thereon; providing a 
protective layer over a portion of the ?rst oxide layer so as 
to protect same from the effects of plasma; subjecting the 
partially ?rst oxide layer to a plasma; removing the protec 
tive layer; subjecting the ?rst oxide layer to an etchant Which 
removes all portion thereof Which Was not covered by the 
protective layer to expose a portion of the surface of the 
semiconductor body While leaving at least a portion of the 
?rst oxide layer Which Was protected from the plasma by the 
protective layer; and thermally oxidiZing the semiconductor 
body to form a second oxide layer on the exposed portion of 
the semiconductor surface and to increase the thickness of 
the portion of the ?rst oxide layer Which Was protected by 
the protective layer such that the second oxide layer is 
thinner than the thickened ?rst oxide layer. 
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In a ?fth illustrative embodiment the invention is tWo ?eld 
effect transistors on a common semiconductor body having 
different thicknesses of gate oxides Which are formed using 
a method comprising the steps of: forming a ?rst oxide layer 
on a surface of the semiconductor body; subjecting a ?rst 
portion of the ?rst oxide layer to a plasma While protecting 
a second portion of the ?rst oxide layer from the plasma; 
subjecting the ?rst oxide layer to an etchant Which removes 
all of the ?rst portion of the ?rst oxide layer Which Was 
exposed to the plasma While leaving at least a part of the 
second portion of the ?rst oxide layer Which Was protected 
from the plasma; and oxidiZing the semiconductor body to 
form a second oxide layer on the exposed portion of the 
semiconductor surface and to increase the thickness of the 
remaining second portion of the ?rst oxide layer such that 
the second oxide layer is thinner than the thickened ?rst 
oxide layer. 

In a sixth illustrative embodiment the invention is ?rst and 
second semiconductor devices Which each comprise a oxide 
layer formed on a surface of a common semiconductor body 
With the thicknesses of the oxide layers being different from 
one another and one of same having been protected from a 
plasma during fabrication. 

The invention Will be better understood from the folloW 
ing more detailed description taken in conjunction With the 
accompanying draWings and claims. 

BRIEF DESCRIPTION OF THE DRAWING 

FIGS. 1—6 shoW cross sectional vieWs of a semiconductor 
body (substrate) being processed to obtain the different 
oxide thicknesses in accordance With an embodiment of the 
present invention; and 

FIG. 7 shoWs a cross sectional vieW of a part of a 
semiconductor body containing ?eld effect transistors hav 
ing different gate oxide thicknesses. 

The draWings are not necessarily draWn to scale. 

DETAILED DESCRIPTION 

FIG. 1 shoWs a portion of a cross-sectional vieW of a 
semiconductor body (substrate) 10 having a top surface 12 
covered With a thermally groWn thin oxide layer 14 having 
a top surface 16. 

FIG. 2 shoWs a portion of the cross-sectional vieW of the 
semiconductor body 10 With the thin, thermally groWn oxide 
layer 12 partially covered With a patterned layer 18 of 
photoresist. 

FIG. 3 shoWs a cross-sectional vieW in Which that part of 
the thermal oxide layer 14 not covered With photoresist layer 
18 is exposed to a hydrogen bromide (HBr)-oxygen (O2) 
plasma 20 for 5 to 10 seconds. Any plasma Which has a high 
selectivity to oxide can be used for this purpose. In an 
illustrative embodiment the plasma characteristics are: 
Pressure=50 mT, HBr=50 sccm, O2=10 sccm, and He=100 
sccm, and Plasma Source PoWer=300 W and Bias PoWer=80 
W (using a commercially available Lam Research plasma 
etcher). 

FIG. 4 shoWs a cross-sectional vieW of the semiconductor 
body 10 and the thin, thermally groWn oxide layer 14 after 
the patterned photoresist layer 18 has been removed and the 
surface 16 has been cleaned using conventional silicon 
cleaning solutions. 

FIG. 5 shoWs that the portion of the thin oxide layer 14, 
Which had been subjected to the plasma, is completely 
removed from surface 12 by a Wet etching solution. The 
remaining portion of layer 14, shoWn as layer 14A, is 
partially etched by the etchant so that approximately 20 A is 
removed. 
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4 
FIG. 6 shoWs the portion of the semiconductor body 10 

after a thermal oxide layer 22 is regroWn on surface 12 and, 
simultaneously, the oxide thickness of layer 14A is increased 
to result in layer 14AA. 

FIG. 7 shoWs a semiconductor 100 comprising a semi 
conductor body 102 having a top surface 104 With a ?rst 
Metal Oxide Field Effect Transistor (MOSFET) formed in a 
?rst region (I) thereof and a second MOSFET formed in a 
second region (II) thereof. 
The transistors of regions I and 11 are essentially the same 

except a gate oxide layer 1061 of the transistor of region I is 
thinner than a gate oxide layer 10611 of the region II. Each 
transistor has a drain region 108 separated from a source 
region 110 by portions of body 102. The body 102 is of one 
conductivity type, for example p-type conductivity, and the 
drain regions 108 and the source regions 110 are all of the 
same, opposite conductivity type, for example, n-type con 
ductivity. The areas at Which these source and drain regions 
108 and 110, respectively, are formed are de?ned by various 
knoWn masking techniques. The gate oxide layers 1061 and 
10611 are formed over the surface 104 and are located 
betWeen the respective source and drain regions 108 and 110 
corresponding to regions I and II, respectively. Drain con 
tacts 112 contact each drain region 108 and source contacts 
contact each source region 110. 

Separate gate conducting layers 116 are formed over gate 
oxide layers 1061 and 10611. The gate conducting layers 116 
are typically polysilicon doped With phosphorus. A separate 
gate contact 118 contacts each one of layers 116. The gate 
oxide 1061 is formed on that portion of the semiconductor 
body 102 Which had been subjected to the plasma Whereas 
the thicker gate oxide 10611 is formed on that portion of the 
semiconductor body 102 Which had been protected from the 
plasma. 

Although FIG. 7 depicts only one set of regions I and II 
together With only one set of tWo MOSFETS, it should be 
understood that the body 102 typically supports many more 
similar regions each containing a similar set of tWo MOS 
FETS. Hence, typically many more, similar sets of tWo 
MOSFETS are integrated in the body 102 to form an array 
of such structures. 

Each of these MOSFETS can be formed using either a 
self-aligned process or a non-self-aligned process With 
respect to the gate. Structures using either of these processes 
can bene?t from the improved method of forming the gate 
oxides in accordance With the present invention. 
As noted above, the present invention is directed to a 

method for controlling the gate oxide thickness in the 
regions I and II While improving device reliability. In an 
illustrative example, the gate oxide layer 1061 is approxi 
mately 30 A thick and the gate oxide layer 10611 is approxi 
mately 60 A thick. 

Typically, to achieve these gate oxide thicknesses, a 
plasma composed of HBr, O2, and He is used for that portion 
of the semiconductor body 102 on Which the thinner gate 
oxide layer 1061 is groWn Whereas the gate oxide layer 
10611, the thicker gate oxide, is groWn on that portion of the 
semiconductor body 102 Which had been shielded from the 
plasma. The gate oxide layer 10611 and part of the gate oxide 
layer 10611 are groWn simultaneously to their respective 
different thicknesses by means of using a Well knoWn 
thermal oxidation process. The respective oxide thicknesses 
are easily controlled by controlling the time and temperature 
of the process in an oxidiZing ambient. 

It is to be noted that the speci?c embodiment that has been 
described is illustrative of the general principles of the 
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invention. Various other embodiments can be devised With 
out departing from the spirit and scope of the invention. For 
example, plasmas of varying compositions may be used. 
What is claimed is: 
1. In a method for forming tWo gate oXide layers having 

different thicknesses on a surface of a CMOS or MOSFET 
semiconductor body, the improvement of avoiding resist 
residue on the surface of the gate oXide upon regroWth and 
avoiding the narroW processing WindoW caused by using 
loW energy implantations for advance designs that use about 
0.18 pm design rules, comprising: 

a) thermally oXidiZing the surface of the semiconductor 
body to form a silicon oXide layer thereon; 

b) providing a patterned photoresist layer over a ?rst 
portion of the silicon oXide layer to protect same from 
plasma effects; 

c) subjecting a portion of silicon oXide not covered by the 
patterned photoresist layer to a plasma highly selective 
to silicon oxide, said plasma comprising HBr, O2, and 
He, said HBr having a How rate of 50 sccm, said 02 
having a How rate of 3 sccm, and said He having a How 
rate of 100 sccm; 

d) removing the patterned photoresist layer and cleaning 
the surface of said silicon oXide layer With a silicon 
cleaning solution; 
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e) subjecting the silicon oXide layer to an etchant to 

remove portions not covered by the patterned photo 
resist and partially etching a portion of the ?rst silicon 
oXide layer protected from the plasma by said removed 
patterned photoresist layer; and 

f) thermally oXidiZing the semiconductor body to simul 
taneously form a regroWn second silicon oXide layer on 
the eXposed portion of the semiconductor surface to 
increase the thickness of the portion of the ?rst silicon 
oXide layer protected by the patterned photoresist layer 
and form a second silicon oXide layer thinner than the 
?rst silicon oXide layer. 

2. The method of claim 1 Wherein the pressure is 50 mT, 
the plasma Source PoWer=300 W, and the Bias PoWer=80 W. 

3. The method of claim 1 Wherein the second oXide layer 
is used as the gate insulator layer of a ?rst ?eld effect 
transistor and the thickened ?rst oXide layer is used for a 
second ?eld effect transistor With the ?rst and second ?eld 
effect transistors being formed on a common semiconductor 

body. 


